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several wavelengths, and at least one transmission wave-
length 1s arranged to be chosen based on spectral absorption
measurements of the atmosphere 1n the carrier beam path of
communication. The invention concerns also a transceiver
for repeating wireless optical communication signals. The
long range and high reliability of spectroscopically sensitive
light beams at a penetrating frequency allow the affordable
provisioning of high bandwidth optical or IR communica-
tion connections to devices and buildings that were previ-
ously either very expensively connected to the fiber optic
backbone networks, expensive low bandwidth radio or
microwave networks, or unreachable by traditional free
space optics solutions.

7 Claims, 19 Drawing Sheets

& i
oy Y

/ E\V!/"K >
"




US 10,530,476 B2
Page 2

(56)

References Cited

U.S. PATENT DOCUMENTS

5,506,716 A *

5,680,241 A
5,960,229 A
9,264,136 B2 *
2002/0033982 Al
2002/0122230 Al
2002/0122231 Al
2004/0208602 Al

4/1996

10/1997
10/1999
2/2016
3/2002
9/2002
9/2002
10/2004

Sakanaka et al.
Dodley et al.
Vaananen
Dewenter
Izadpanah et al.
Verbana et al.
Plante

iiiiiiiiiiiiii

tttttttttt

HO4B 10/1125

398/136

HO4B 10/1121

FOREIGN PA

ENT DOCUM.

ENTTS

WO
WO
WO
WO

2001006663 A2
2001052450 A2
2002061959 A2
2002061980 Al

1/2001
7/2001
8/2002
8/2002

OTHER PUBLICATIONS

Extended European Search Report dated Jan. 29, 2010 1n counter-

part application No. 09162796.8.

International Search Report dated May 26, 2003 in counterpart

application No. PCT/FI03/00124.

* cited by examiner



U.S. Patent Jan. 7, 2020 Sheet 1 of 19 US 10.530.476 B2

2000

E ] E E
.. -—++++++++++++++++++ + F
[] LI N R N I N R A N R S A + +
u + + LR N +
- + + + + + R N N
L IR +
+ + + + + +
+ 4 + 4+ + + + + kb o+ b F o E o+
EIE D O
+ + + + + + + + + + + + + F + +
I N I +
R N N N N N A N N “+ +

+
+

+ %
L L i: L
* + + + F + F FFFFFFFFFFEAFFFEFEFFEFEFFFHF
+ + + + + + F F F FFFFFFFFEFFFEFF T
LI N L B L R L L B
* + + F + F F F FFFF T

+ + ]

+

+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ + +
++ ++ + +
+ +

+

+* + + F F F FFFFFFFEFF T
L L R N N L N L L N
+ + + + + + F + + + + + + + + + + + +F+ F++ Attt
+ + + ¥ F F F FFFFFFFAFEFFFFAFEAFFAFEAFEFEAFEAFEFEAFEAFEFEAFEFEFEAFEAFEEAFEFEFEFEFEFEFEFEFEFF T
+ + + &+ + + F F o+ o+ F A FFFFFEFFEFEFFEFFE A FEAF A FFFF
+ + + + + ++ +++
+ + +
L ‘
* + F F F F FFFFFFFEFFFEFFEFEFFFEFFFEFFEFEAFFEFEAF AR
+ + + + + + + + + + + + o+ FFFFFFFFEFEFEAFEFEFEFEFEFEFEFEFEFEFEFEFEEFFF
LI N L L L N L R L O L O L L L U T B
* + + F + F F F FFFFFEFFFEFFFEFFFEFFEFEFFEFEFEFEFEFEFFEFFEFEFEFFFFFF ++++
- Jor +* + + F F FFFFFFFFEFFEFEFFFEFFEFEFFEFEFFEFEFFEFEFFEFEAFFEFEAFFEFEAFFEFEAFFEFEAFF
L N L L N B L O L D L L
+ + + + F FFFFFFFFFFEAFFFEAFFEFEFEFFEAFEFAFEAFEFEAFEAFEFEAFEFEFEAFEFEFEFEAFEFEAFEFEFEFEFEFEFEAFEFEFEFEFFEFEFEFEEFFFF
+ + + + + + + + F F e+t FFFFAFEAFAFAFEFAFEAFEFAFEAFEFAFEAFEFAFEAFEAFAFEAFEFAFEAFEFEAFEAFEFEAFEFEFEAFEAFEFEAFEFEFEFEFEFFF
+* + +* + + L L N N L I I B L L
EE + + + + + + + F+ ottt
+++++++++++++++++++++++++++++++++++++++++++

+ + F + F o+ FF A FFEFEFFEFF R FE o+
+ + + + + + + + + + + ++ F+ ottt
+ + + + + +* + + + ¥ +F + F FF o FFFFFHF + + + + F F F ok FFFFFFFAFEFFEAFEFFEFEFFEAFEFAFEAFEFFEFEFFF + * 4+
L L N B L B N L R L D D L B L
+ + + + + F F F FFFFFFFFEFFFEFFFEFFFEF
* + + ¥ F F o FFFFFEFFFEFFEAFFAFEAFEFAFEAFEFFEFEFFEFF
L L N N N N N I L D L L B L
+-I--I-+++++++++++++-I-++++++++++++++++++++++++++++++++++++++++ +
+ + * + + F F F F FFFFFFFFFFEAFFFEAFEFFFEFFEFEFFFE
LI L L L L L L P L e
+ + + F + F F F FFFFFEFFFEFFFE
+ + + + F FFFFFFFFEFFEFEFFFEFEFEFEFEFEEFEFEEEFEFEF
+* L L L N L L B N D L R L L B
+* + + ¥+ + + + + + + +F + F FF o FFFFAFFFEFFAFEAFFAFEAFEFEFEFFEAFEAFFEAFEAFEFEFEFEFEAFEFEFEFEAF
* + + + F F FFFFFFEFFFEFFFEFFEFEFFEFEFFEFEAFFEFEAFFEFEAFFEFEAFFEFEFEFEFEAFFEFEAFFEFEFFFFFF
+ + +F F F FFFFFEFFFEF A FFEFFFFFEFEFFFEFFEFEFEFEFE A FEFE A FEFEFFEFEFFEFFE S E
+ * + + + + + ++ + ++ +++ Attt
+* + + F + F FFFFFFFEFFFEFFEFEFFEFEFFEFEFFEFEFFEFEFFEFEFFEFEFFEFEFFE A FF
+ + + + + + F A FFFEFEFEFEFFEFFE A FEFE A FF +
+ + + + F FF o FFFFFFFEAFEFFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFFEFEEFEEFFFF
+ + + F F F ok FFFFFFEFFFEFFFEFFEFEFFEFEAFFEFEFFEFEAFFEFEFEFEFEAFFEFEAFFEFEAFFEFEAFEF A F
L B L N L N L R O R L I L L O D L L L
+ + + + F F F ¥ FFFFFFFFFFEAFFAFEAFEFAFEFEFEAFEAFEFEFEFEFEAFEAFEFEAFEFEFEAFEAFEFEAFEAFEFEFEEEFEAFEEFEFEEFEFEFEFEFEFFFEFF
+++++-I-++++++++-I--I-+++++++++++++-I-+++++++++++++++++++++++++++++++++++++++
L N N L N L L I L R I N N L N D L L
+ + + + + F F FFFFFEFFFEFFFEFFFEFFEFEFFEFEFFEFEFEFEFEFFEFEFFFEFFEFEFEFFEFFEFEFFEFEFE A FF
+* + + + +F + F FFFFFFFAFFAFEAFFAFEFFAFEAFFEFEFEFEAFEAFEFEAFEAFEFEAFEAFEFEAFEAFEFEAFEFEFEFEAFEFEAFEFEFEFEFEFEFEAFEFFF
L N N N L L L R D L L R L L
* + + F F FFFFFFFFEFFFEFFFEFFEFEFFFEAFFEFEAFFEFEFEFEFEAFFFEAFFFEAFFEFEAFFFEFEFEF AT
* + F + F F F FFFFFEFFFEFEFFEFFEFEFFEFEFFEFEAFFEFEAFFEFEAFFEFEAFFEFEFEFEFEAFFEFEAFFEFEAFFEFEAFFEFEFFF
LI N L L L I L D B L L D L O D L D L D D L L
+ + + + + + + + + + + F+ Attt ottt ettt ottt
* + + + F F F FFFFFEFFFEFFFEFFEFEFFEFEFFEFEFFEFEFEFEFEFFEFEFFEFEFFEFEFEFEFEFFFF
+ 4+ + F o FFFFEFFFEF A FFE A FEFFFEEFFEFEFFEFE A F
+ + + + + F F FFFFFEFFFFFFEFFFEFFFEFFEFEFEFFEFEFEFEFFEFEFEFEFEFFEFEFFEFEFFEFEFFEFEFFEFEFFEEFEFEFEFEFEFEFFEFEFFEFEF R
+ + + + + F F F FFFFFFFAFFAFAFFFFEFAFEAFEFAFEAFEFFEAFEFEAFEAFEFEAFEFEFEAFEAFEFEAFEAFEFEFEFEFEAFEAFEFEAFEAFFEAFEAFEFEAFEFEFEAFEFEFEAFEFEFEAFEAFEFEFEFEFEAFEAFEFEFEEFFFAF
L N N B N L L O L L O L O B O D L D O L L L O D L L R L L
4 + + + + ¥ F F F FFFFFFFAFEFFFEFFEAFFEAFEAFEFFEAFEFEAFEAFEFEAFEFEFEAFEFEFEAFEFEFEFEFEFEFEAFEFEFEAFFEAFEFEAFEAFEFEAFEEEAFEFFEAFEFEEFEFEFEFEAFEFEFEFEFEFEFEFFFF
F + + F F F ok FFFFFFFFFFFEFFEFEFFEFEFEFEFEFEFEFEFEFEFEFEFEAFEFEAFEFEEFEFEFEAFEFEFAFEFEFEFEAFFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEEFEFEFEFEEEFFEE
L N L N L I L I I D L L N L L D L L L L L O L O L L R L D L L
+* + + ¥ +F + F F FFFFFFFFFEFFEFEFFEAFEFFEFEFEFEFEFEFEFEFEFEFEFEFEAFEFEEFEFEFEFEFEFEAFEFEFEFEFFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEEFEFEEFEFEEFFEF
* + +F F F FFFFFFFFEFFFEFFFEFFEFEFFEFEFEFEFEFFEFEFFEFEFFEFEFFEFEFFEFEFFEFEFFEFEFEFEFEFFEFEFFEFEFFEFEFFEFEFEFEFEFFEFEFFEFEFFEFEFFEFFFFF
L B N L N L N R O R L L L L L R L O D L L L L L O D L B B B L
+ +

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+*
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+ R+ + o+

+

BRI0

LI N L N L D A N O D O L L L R R D D B D L T L
+ * + + + + + F+t +++ o+ttt
* + F F F FFFFFFFFEFFFEFEFFEFFEFEFFEFEFEFEFEFFEFEFFEFEFFEFEAFFEFEFEFEFEAFFEFEAFFEFEFEFFEAFFEFEFFEFEFFEFEFFEEFEFEFEAFFEEFEFFEAFFEFEAFFE AT
+ + +F + F o+ F o F A F A F A F
+ + + ¥ + + ¥ F + F FFFFFFFFFFF

+ + + + + F ¥ FFFFFEFFFEFFFEFFEFEFFFEFFEFEFFEFEFFEFEFEFEFEFEFEFEFFEFEFFEFEFEFEFEFFEFEFFEFEFFEFEFFEFEFFEFEFFEFEFFEFEFFEFEFFEFEFEFEFFFFF
L N B N N N R N o L

L

+
LI I N N N N N I )
+ + R N R O e R e
+++++++++++++++++++++++++++++++++++ + o+ kot 1] " S
LI N N I N N N N N N N
N R N R R e R R R R R N N
A T T T T T T T T T kb b kb Ak kb bk ko kb o ok oh ok ko ok ko h k kb kb
N N N N N N N N NN

T

L N L N L D L L L R L —y

&8

+ + + + + + + +

+* + + F F FFFFFFFFFFFEFFFEFFFEFFFEAFFFEFEFFEAFFEFEAFEFFFFF
-I-

+
+ + F + + F FFFFEF T e . . T Nl

I, + +F +F F F F F FF o+
LI N L N +++++ * + +

L I K B BEE K DK BEE BNE L BEE A AR BEE R B IR B N B
+ + + + + + ¥ + + + + + F + + + + o+
+ + + + + + +
* + +
[ B + + + + + F F + F T
I S O 2 N N N N N N N

+ + + + + F + F F F FFFFFAFFFAFEFFEFFEFEFEFFFEFF
* + + ¥ F F F FFFFFFFFFAFAFFFEFFEAFEAFFEAFEFEFEFEFEFEAFEAFEFEFEFEFEFFAF
L N N N L L R L L B L L O L
+ + + F F ok FFFFFFFFEFFFEFEFEFEFFEFEFFEFFEFFEFEFFEFEFEFFEFFEFEFFEFEFEFEFEAFFEFEAFFFEAFFFEAFFEFEFEFEFEAFFEFEAFFFEEF A F

+ + + + + F + F FFFFFFFAFFAFEAFFAFFEFAFEAFFFEAFEFFEFFEAFEAFFEFEFEFEAFEAFEFEAFEFEFEFEFEFEAFEFEFEFEFEFEAFEFEFEFEAFEFEFEFEFEAFEAFEFEAFEAFEFEFEAFEFEAFEAFEFEFEFEFEFEAFEFAFEFEFFFEFF
* ko ko ko

2400

+ + + 4 + +

* + + F F FFFFFFFFEFFFEFEFEFEAFF A FF F+ + + " 13
+* + + F F FFFFFFFFFFFEFFEFFFFEFFFEF T
+ &

LI N L D I + L
* + + F F F FFFFFFFEFFFEFFFEFFFEFFFEFFFF + + +
+ + + + + F F o FFFFFFFAFEFFEFEFEAFEAFFAFEAFEFFEFEFEFEFE
L N N N L N L L R L I I D I L L L
+ + + + ¥ + + F F F F FFFFFEAFFFAFEFAFAFEFFEFEFFEFEFFEFFFFFAF
+ + F F F F F FFFFFEFFFEFFEFEFFEFEFFEFEFFEFEAFFEFEAFFEFEFEFEFEAFFEFEFFEFEAFFEFEAFFEFEFEFEFEAFFEEAFFEFFF T
L N N L N L L I I D L R T R O L N L L O L D L L D D D L D L
* ¥ + F F F ok FFFFFFEFFFEFEFFEFEFEFEFFFEFEFEFEFFEFEFFEFEFFEFEFFEFEFEFFEAFFEFEAFFEFEFEFFEAFFFEFFFEAFFEEAFFFEFEFFEAFFEFEFEFEFEFEFEEAF + ¥ + + +
* + + + F F ¥ FFFFFEFFFEFFEFEFFEFEFFEFEFEFEFEFFEFEFFEFEFFEFEAFFEFEFEFEFEAFFEFEAFFEFEAFFEFEAFFEFEFEFEFEAFFEFEAFFEFEFEFEFEFFE
L N N L N N L L R O D L D &+
+ + + + + + + ¥ F + F FFFFAFAFFAFAFAFAFAFAFEAFEFEFEFEFEAFAFE

LI N N N N N + bk + k+ + k+F+F
EE I R N R N R N e N R N N
L I R N I ) + S W e e e i NN -

32540
Wavensmiber / cm~— |

LN L L R B + +* + + * = o+

+*

+ + + + + + ¥ F + ¥ +F + F + +
+ + + + + + + ¥ + + + +

L I B L B L L D B B

* + + ¥ F F F FFFFFFFFFEFFEFEFFEFEFEEAFEFEEFEFEFEFEEFEFEE
+ + + + + + ¥ + + ¥ +

LI N L N

+* + + F F F FFFFFFFFEFFEFFEFEFEFFEFEFEFEF A F

Hig. 1

+ + + F ¥ F F F FFFFFFFFEFFFFF L

L I L L L R O A I L L +* +*
+ + + ¥ + + ¥ ¥ + ¥ +F + F F o+
+* + + F ¥ F FFFFFFFEFFEFEFFF
L N N N L O O L B L

+ + + ¥ + + ¥ + + + + + + + & + + + + + -
+ + + + + + F ¥ + + +

+ +

+ + &
+* + + + + + ¥ +F + F F FFFFFFFFF
++++

+ + + + ¥ F F+ F FFFFFFFAFFFFFEFAFEFFEAFEFEFEFEFEAFEAFEFEAFEFEFEFEFEEFEFEEFEEFFEAFEFEFEAFEEFEEFFEEFFEFEFFF El

.
+
+ +
+ + +
* * + +
+ + + +
+ + + +
* + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
* + + +
+ + + +
+ + + +
* * + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + +
+ + + +
+ + +
* + +
+ + +
+ + +
* + +
+ + +
+ + +
+ + +
+ + +
+ +
+ + +
+ +
+ +
L
+
+
+
+*
+
+
+
+
o+
+
F'EWM-‘L-“L-“L-“J'....L...-.E N Il — I ; ! i ! !

LI I I N I N N N R N N NN
R R R R R R R R R R R R N e R R N

I N
PR DL

+ + F F ok F F o F o+ i ]

LN L
+* + + F F F FFF A FFFFFEFFFEFFFFEF T

SO0

++++-I-+++++-I-++++++++++++++++++++++++
+* + + F ¥ F FFFFFFFFFFEFEFEFEFEFF

+
+* + - +*
A T T T T T e T T N T T T T T T T T T I T
+
+ + + + + +
+*
+ + + + + + + + + + + + + + + + + + + + + + + + + F + F + + + F
-

+ + + + + + ¥+ ¥ + ¥+ +
L L L L N N B B
. + + +
+* + + + +F + F FF o FFFFAFEFFEFFFEFEFAFEAFFEFEFEFEAFEAFEFEAFEAFEFFF A
+ +* L L N B R L D L O L
+ + + + + + +
++++++++1-1-1-1-1-1-1-++++++++++++++++++++++++++ +* +*
L
+ +

* + L ety Lt T Y . —r
+

+ + + + + + ¥ + + ¥
+* + + F F FFFFFFFFFFEFEFFEFEFFEFEFFEFEFFEFEFFEFEFFEFEFFEFEFFEFEFFEFEFFEFEFFEFEFEFEFEFEFEFEFFEFEFFEFEFFEFEFEFEEFEFEFEFFFEFFFF + L 3+ + + + 3

+
L I R N N N R N N

+ + + + + + + ¥+ + +
* + o+ ko kS L +* &b o * + = o
+ + + + + + + + + + +
+ + + + + + + + F + + F +
* * + + + ko F ok ko ko kb ok kb kb kb - L N B B +* * =
+ + + + + + + + + + + + ¥+ + ¥ + + + + + + F + F A+ F At
+ + + + + + + + + + + + F A F
++++++1-1-1-+++++++++++++1-1-1-++++++++++++++++++++1-1-1-+++++++++++++++++++++++++++++
+ + + + + + + + + + +
+ + + + + + + + + + + + +
* + ko * o o F * + + * + o+ b
+ + + + + + + + + + + + + + + + + + + At FEFEFEAFF A AEF A FEFFEFEF A FE AR FE R F
+ + + + + + +
++++++++++ * 3 S P -l ——
+ + + + + + + + + + + + F + + F + +
+ + + + + + + + F + + + + A FFEEFFEFE A F R + + + +
* + + + + + + L I L] L B
+ + + + + + + + + + ¥+ + + +
+ + + + + + + + + ¥+ + + + + + + + + +
1-1-1-1-1-1-1-1-++++++++++++++++++++++++++++ L * L I B
+ + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + +
. + + + + + + + + +
* b ok * + +*
+ + + + + + + + + + + + + + +FFFAFEF A FEFEFFEFE R F
+ + + + + + + + + + + + + + + + + + + + N
+ = o+ bk o
+ + + + + + + + ¥+ + + +

+* + + F F F FFFFFFFFFFEFFEFEFFF
L L N L N N L I L D O O O L L L L + + &
+ + + F ¥ + F F F ok FFFFFEFFFFFFEFFEFEFFEFEFFEFEFEFEFEFEFEFEFFEFEFFFEFEFFEFE A FF

* + + F F FFFFFFFFEFFEFFFEFEFFEFEFFEFEFFEFEFFEFEFEFEFEFFEFEFFEFEFFEFEFFEFEFFEFEFFEFEFFEFEFFEFEFFEFEFFEFEFFFEFFFF + + +
+ LI NN BN BB EEREER

+ IR E N O T SO T
LR R N * ok k ok + + F F ok kot
I R R R N R R N o N R R R R o i N N -
R
LR NN
R LR N N N A A I A N I I N A A A A A N A A A A R A A A A A I N A A I N A A N R I IR R N N A A I N N I R R N R R A R =
.
ko ko *

+ + + + + F F FFFFFEFFEFEFFEFEFFEFEFFEFEFFEEFFFEFEFEFEFFEFEFFEFEFFEFEAFFEFEFFFEAFFEFEAFFEFEFEFEFEAFFEFEAFFEFEAFFFEFFFEFEFEFEAFFEFEAFFEFEAFFEFEAFEFFEAF A F
+ + + 4 +

+ +
* + + + + + + +F + o+ FFFF
+* o ko *

+* + + F F F FFFFFFFFFFEFFFEFEFFEFFFEFFEFEFEFEFEAFFEFEAFFEFEAFFEFEAFFFEFEFEFEAFFEFEAFFEAF T + + + + -
+-I-++++++++-I--I-+++++++++++++-I-++++++++++++++++++++++++++++++++++++++
L N L N N L L R D L O L N L R R D O L L L

+
++++++++++++++++1-1-1-+++++++++++++1-1-1-++++++++++++++++++++1-1-1-+++++++++++++++++++++++++
+ + + + + + + F ¥+ + F + F o+ ™

* + + + +F + o+ FFFF
++++++++++++++
+ + + + + + + + + ¥ + ¥ F F F FFFFFFFFEF
+++-I-++++++++-I-++++++++++++++-I-+++++++++++++++++++++++++++++++
L L B L B I L L B + B
ol 3 * + + + F + F FFFFFFFFEFFFEFFFFF
+ + F F F F o FFFFFFEFFFEFFFEFFEFEFFEFEFFEFEFFEFEFFFFFFF + + +
. ++++++++++++++++++++

+ o+
* = + = ?ﬁw"“‘ *ot +++ +++"‘:"‘+ -+
it i Sl S S, T i iy T

+ + +
+ + +
+ + +
+ + +

+ + +_+ + + + + -+ + + + + + + + + + + + + + + +

- 3 o
s g 8
3 —

6000 £

Uy Ansyigay [/ Spsusiug



U.S. Patent Jan. 7, 2020 Sheet 2 of 19 US 10,530,476 B2

i44

..................

FIG 1A,



U.S. Patent Jan. 7, 2020 Sheet 3 of 19 US 10,530,476 B2

141

131

++++++++++

FIG IB.



U.S. Patent

hight beamn is generated
for spectroscope
measursments

+++++++++++++++++++++

speciral absorption

of radiation
1S measured

minimum absorptions
are detected

mimimum absorpiion
frequencics are given
to optical ransmitter

Jan. 7, 2020

184

191

123

Fi{s 1.

-----------

Sheet 4 of 19

++++++++++++++

communcaton

US 10,530,476 B2

frequency is adjusted

to absorphion
IINUNUMm

+++++++++++++++++++++++++++++++

194



U.S. Patent Jan. 7, 2020 Sheet 5 of 19 US 10,530,476 B2

++++++++++++++++++

200
v
laser 1g generated *
Ay,
210
jaser beam 8
focused on a
diverging iens
330 expanded laser beam
laser peam is ‘ CArTYINEg 8 COmmuni-
diverged to 4 v cation signal is
focusing lens N girected to a reciever
250
234
iﬁ%?" beam 18 a comumunmcation
collimated by B signal is modulated
the focusing lens to the carrier signal
248

++++++++++++

FIG 2.



U.S. Patent

Jan. 7, 2020

201
: /
- . - - !
faser 18 received | L
211
izser beain is
tocused on o
convergmeg lens
(et o
, 221
bacer beam is
focused to a
diverging lens
"'\
231
laser beam is
collimated by b
_’,—f‘

the diverging lens

+ + &
+++++++++

FIG 28,

Sheet 6 of 19

US 10,530,476 B2

p

++++++++

communication signal
is demodulated from
the optical receiver

signal.
E 251
beam is directed on
an optical detector
241



U.S. Patent Jan. 7, 2020 Sheet 7 of 19 US 10,530,476 B2

l 202

| spectral absorption //
af air is measured +

+++++++++++++++++++++++++++++++

t

lm

trANSIISSion :
i frequencies are
adjusted

22

at ieast one :
light beam is
generated

at least one
light beam 1s

transmitted FIG 2,



U.S. Patent Jan. 7, 2020 Sheet 8 of 19 US 10,530,476 B2

23
i 203
E FeCEIVIng /
i spectral data
: 213
;
frequencies are E
adiusted J
o FIG 2D.

AR
recelving at

ieast one light
beamnt




U.S. Patent Jan. 7, 2020 Sheet 9 of 19 US 10,530,476 B2

s 360

30
350 P
R
v < 330
340 . + #2320
318 300
s s
& Pt
1*'
326
331
W
o
&

FIG 3.



U.S. Patent Jan. 7, 2020 Sheet 10 of 19 US 10,530,476 B2

= 43 o
e .
= (“--*
.. ‘ . ]
o T_\ ransceiver 2
320 B\ e
331

(9t

319\_// 300
- e BUILDING

+++++++++++++++++

transceiver |

Fit; 3B.



U.S. Patent Jan. 7, 2020 Sheet 11 of 19 US 10,530,476 B2

461
A : :4“.;-6
451 ~
. . 431
441 e’ P 421
411~

FIC 4.




U.S. Patent Jan. 7, 2020 Sheet 12 of 19 US 10,530,476 B2

20
2906
580 \_ \\
7 565
370
560 . 595
550 \_

Fi(s 5,
- 596

530 L

520‘*\.,__,_,,. -~

500
510.




U.S. Patent Jan. 7, 2020 Sheet 13 of 19 US 10,530,476 B2

s
699 +
590
595 : / 09
‘ &8 1
G589 “
* 380
g
570
60
650
530
B2 A FIG 6.
621
6§30
500

610




U.S. Patent Jan. 7, 2020 Sheet 14 of 19 US 10,530,476 B2

760 734

770 ST TN T

++++++++++++++++++

FiGG 7.



U.S. Patent Jan. 7, 2020 Sheet 15 of 19 US 10,530,476 B2

b1
360
S 890

850

830
840 ~” e E20

800
81O~
380

FIG &.



U.S. Patent

beam hits a focusing
MEeans

++++++

heam is focused 1o
a waveguide inferface
mnterface

beam eniers
WEVELLIGS

Jan. 7, 2020

G149

G20

430

¥iG 9.

Sheet 16 of 19

a beam is focused o
a receiver or a8 further
focusing means

G640
beam enters 7N
a focusing means \\\
950

bearn emerges from )
the waveguide's \\
other end

240

++++++++

US 10,530,476 B2



U.S. Patent Jan. 7, 2020

1000
beam is transmitied
|
;
1010
beam hits g tocusing
neans
ﬁ 1020
beam 1s focused to v
a waveguide
interface
1030

bwm enwm S
waveguide :

Sheet 17 of 19

beam 15 focused o

a receiver or a further
focusing means

(380

++++++++

Deam enters a focusing {
Means

1740

++++++++++++++++++++++

beam emerges Tom
the waveguide's
other end

1060

A further amplified
Beam 1s transmitied o
a waveguide

1050

beam is detected,

measured.

104G

US 10,530,476 B2



U.S. Patent Jan. 7, 2020 Sheet 18 of 19 US 10,530,476 B2

++++++++++

1100

beam 15 transmiitted

05

11§00 : 3

Repeat until
refurmmg infensity
indicates bearn

centered

refurning rays are
detected

1160

_ 1120
shifiVrefocus shift/refocus

transmifier A transmitier \\
* further

_ 11548
/ TN :
N 1130 Yes
detect returnung | ~ ray miensity
ray xitensity ” increased Y/?
"\
i 1140
No | | 1130
shift/refocus
-------------- g transmitter

FIG 11, back



US 10,530,476 B2

Sheet 19 of 19

Jan. 7, 2020

U.S. Patent

SIITUIIARM D30
WHROBE00PT =Y

J

+
+
+
+
#
IR I R R T
B N N N N S A N N S S S SE NS
*
+
+
*
* *
+ EEE
* +
+ + + +
+ +
* * *
+ +
+ + +
* *
+ + +
'+ +
* - *
+ +
+ + +
* *
+ + +
+ +
* *
- * +
+ + +
3l + o+ +
+ '+ *
+ +
* * *
o+ +
+ + +
* *
+ + * +
ﬁ- + A +
L * *
+ + o+ #
- *
+ o+ +
+ +
* - *
-+ +
+ + +
. *
+ * *
+
* *
. + +
.
ﬂ. - +
. + o
¥ ~ + 5l +
b * AR NG N D AN D
r +
+
* *
+
+ +
+ +
+
* *
+
+ +
i .
[ + *
+
* *
+ +
2 *
+ +
+
*
+
+ +
+
+ +
* *
*
+ + +
*
+ +
+ +
* +
*
+ #
*
+
# +
*
+ +
+ Cae il +F + + + + + FF o+ + + 4+
. B e e L I
+ +
* * *
+ + +
+ +, o
NN e P e s R ok ok ok ok bk bk ok kb 4 + +, o
* * *
+ + +
+ + +
* * *
+ * +
+ + + +
* * *
+ + + +
* * *
* * * *
+ * +
+ + + +
+ * *a +F +
. + +, W . INDEYOXDENOANNDND
+ * + *
+ + + +
* * * *
* - + o Yy +
* = * *
+ * + *
* + *
* * * *
* * *
+ + + + +
* * *
+ o+ ¥ * + *
+ + + + +
* LI * *
+ NN N + +
+ o+ + + +
* * * *
+ + * + *
+ + +
. * * o e
+ + + +
* b * *
* * * *
+ + +
* * * *
+ + + +
+ + + +
* * * * *
+ + + + 4 + *
+ R + +
* OO * *
+ + * + + +
+ + + +
* . o *, *,
+ ‘l\i s # + +
* * * *
* * * *
* * * *
* . o *, *,
+ .-..‘l.‘l..lﬂ + + +
* * * ' * *
+ + + +
+ + + + W+ + +
* + o ) RN * *
ok ko bk bk ke d + *
+ + + + + +
. * R +, o e
+ + + - + +
+ g E E T + L o + +
* * * * *
* * * *
* * * * *
+ + + +
+ + + + +
* + + + Y. *e
+ " + + +
* * * * *
+ + + +
+ + + + +
* * * *
+ + * + *
+ a_ + +
* * * * *
* * *
* * * * *
* * *
* * * * *
+ + +
P i T E T kb kot * * * *
+ +
+ + +
* * *
+ + * + *
+ + +
- * * *
-+ + +
+ + ¥ + + +
.+ * *
+ + * +
- *
* * *
* * *
* * *
* * *
+ N R I R R R R N N R N N N N
+ 4+ p ok kb b+ +
* *
* +
+ . ta YOO ENDEISIRNDOY
*
*
*
-
*
*
+
*
+
+
*
*
+ +
*
+ + +
* *
+ . * *
+ . J # * *
* * *
+
* * *
+
+ +
+ *
# + *
+
+ * + *
* * *
*
* o
+ ¥ - * " *
+ * +F
+ * *
- + + +
ﬂ + + + + F + + F F + + o+
* *
+ + *
+ + +
* *
+ # +
+ + +
+ A + * * *
* * , '+
. * b *
+ "+ * - *
+ Bk ok ok ok . * *
h + + + & + +
+ M -+ * . *
+ . + A o
N ) FLTELELY LY.
+ + +
*
+ + +
+ +
+ * *
L )
*
+ v *
+ + * *
t [ ¢ *
+ - r * * .
+ * *
[+ .
+ + +
*
+ + +
+
+ * *
*
+ - *
*
+ *
*
+ * *
*
+ * *
*
+ + +
+
* *
+
+ +
*
* * .
- R N N * Bk ok ok ok bk bk b b ok h ok ok ok bk ok ok ok bk ok ok kb kb bk ok h h k ok ok ok ok ok k ok ok ok k ok kb ok ko kb
* *
* *
+ ¥ *
* * ) ok k k k ok ok ok kb ok hk h h kb E ok F
* + Bk ok ok ok bk ok ok ok k d h k k ko ko ko kb 4 ek ko ko ok kb P
P +
-
*

* + + ¥ +F F F FFFFFEFFFEFEFFFFFFFF
+ + + + +

+
+ + + ¥+ + + +
L N P D L

+

Hya!

+
+
+
+
+
+
+
+*
+
+
+*
+
+
+*
+
+
+
+
+
+
+
+
+*
+
+
+*
+
+
+*
+
+
+
+
+
+
+
+

+
+* + F + + F F FF o FFFFFFFEFEFFFEFFEFEFFFF

00ZT T[] AI0MIN SSIRIIA pozmmd()

+ + + + +* + + ¥ + + F F F F FFFFFFFFFEFEFFEFFFEFEFEFEFEFEEFFEFEFFFF
+ + + + + + + F + + F F FFFFFFFEFAFFEFFEFEFEFEFEFFEFEFFEFEFFEFEF

+

L N N L N L L L L R L D L L L L L L I L N L L L D L L L L R O D L L L L L R )

L

+ + + + + + +

+* + + + + + +

LI N L L N I

-
-+ ]
[ 4

+ + + ¥ F + F FFFFFFFFFAFEAFFFEAFEFAFEAFEFAFEAFEFEAFEAFFEAFEAFEFFEFFFEE
+ + + F+ + + + + + + o+ FF

L N L

+ + + + + +

+ + + ¥+ ¥ + +

L L L N D O

+
+ + ¥+ ¥ + ¥+ + +

&

+ + ¥+ ¥ + F ¥ + ¥+ +
+ &

L

yYoun

* + F ¥ F F ¥ FFFFFEFFFEFFEFEFEFEFEFFEFEFEFEFEFFEFEFEFEEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEEFEFEEFEFEEFEFEFEFEFEEFEFEFEFEEEFEFEEFFFFF
+ + + # + + F + + F F +FF A FFFFFFEFEFEFEFEFEE T + + +

L I B L L R

A= RN U0 EEK -

O RN s O

ARG ol e RN U

ot

« WPkl v R AT WA~ RN D - RS - R e R - AR GPRRD ¢ N = R - G - R RN e OO - R U O RN

AP - PN - e WP - AR P

++++

+ + +

+* + + F F F FFF o+ FF

(4]
+ +
+*

+

RTGREHERUA T

(O8TE

+ + + F +F FFFFFFFFFFEFFEFFEFEFFFFFEFEFFEFEEFEFEFEFFE A FFFEFFEEFEFEFEEFEE R FF

+ * + + * + + F + + ++ ++ ottt ettt ottt ottt

JEIE TOISs3ad

111N

wmeag 2uloossapy

it

IBAT3I2T T

+ + F ¥ F +F F FFFFFFFFFFFFEFFFFF
+ F + F FF o FF A FF A FFFFFEFEFEFEEFEEEFE

+* + +*
+ + + F F F o F o F A+

+ + + + + + + ++
* + + F F FFFFFFFFEFFEFEFFFEFEFEFEFFEFEFFEFEFEFEFEFEFEFEEFEFFFF

+
+
+
+
+
+
+
+
+*
+
+
+*
+
+
+*
+
+
+
.-..-. *
+
+
+
+*
+
+
+*
+
+
+*
+
+
+
+
+
+
+

+ + + + + + + + + F F F o FF A F A F A FFEFFEFEFFEFEFFFH
+ + F + + F F FFFFFFFFFFEFEFFEFEFFFEFEFEFEFEFEFEEFEEFEFFEFFFFFH

* + + F F F FFFFFFFFFFF

+ + + ¥ ¥+ + ¥ + +

L L N e

+ + + F + F FFFFFFFEF
+ + + + ¥ + ¥ + + ¥ +F + ¥ + + +

+* + + F F F FFFFFFFFFFEFFFEFFFEFFFEFFEFEFEFEFEAFFEFEAFFEFEFFEFEAFFEFEAFFFEAFFFEAFFFEFEFFEAFEFEEAFFEFEAFFEEFF A F

+ + + + + F F +F A FFEFFEFEFEFEFEFEFEF

+
+ + * + + + + ++

+ + + + + + + + + + + + + + + +

* ok ok ok ko

rAR1%

* + + F F FFFFFFEFFEFFFFFEFFFFEFFFEFEFEFFFEFFFFF

+
+
+ + +

+ + +
+ +
+*

+
+ +
+ +

+ + +
+ ¥
+

+ + + + + + + + F + F F +FFFFFEFFEFEFFFEFAFEFEFEAFEFAFFEFAFEFEFFEFEFEEFEFEFEFEEAFFFFE

+.—.++.—.++.—.++.—.++.—.++.—.+++.—.++.—.++.—.++.—.+++++++++++.—.+
+
+
+
+*
+
+
+
+
+
+
+
+
+*
+
+
+
+
+

+* + F ¥ + F F +F F ¥+ FF
+ & &

+
L N
+ +

+

+ + *+ + + F ¥ + F F +F F FFF A+
.

1101

+

L
+ + ¥
+* + + F ¥ F ok FFFFFFEFF T

* + + ¥

+ b+ F o+

Ipojpojoyd
JPIVVBAY

+
+
+
+
+
+
+
+
+
+

+* + + F F F F F FF o F



US 10,530,476 B2

1

BROADBAND WIRELLESS
COMMUNICATION SYSTEM AND METHOD

CROSS REFERENCE TO RELATED
APPLICATION

This application 1s a division of application Ser. No.
10/504,418 filed on Aug. 13, 2004, currently pending which

1s a National Stage Entry of PCT/FI2003/000124 filed on
Feb. 20, 2003, which further claims priority from Finland
Application No. 20020330, filed on Feb. 22, 2002 and
Finland Application No. 20020702, filed on Apr. 11, 2002.
The entire content of the above-identified application 1is
hereby incorporated by reference.

FIELD OF INVENTION

The mvention relates to the field of free space optics, or
more generally to communication below radio frequencies.
More specifically, the mnvention also relates to a device and
method for extending the range and reliability of high
frequency transmitters and receivers even at inclement
weather. In addition the invention also relates to a radiation
beam routing device and method to provide communication
to a receiver out of line of sight from the transmatter.

BACKGROUND

Over the recent years a concept known as Free Space
Optics has surfaced in the context of wireless broadband
access as a method of providing high bandwidth communi-
cation connections to fixed locations, such as homes and
oflices. In prior art FSO schemes a laser beam between a
transmitter and a receiver 1s used to connect a building to a
communication network. A laser beam can carry information
with a high bandwidth and can be used to provide IP and
Ethernet communication, or any data communication to
buildings.

Current FSO systems also have very short connections
between transmitters and receivers, typically between 200-
1000 m. This 1s primarily due to divergence and attenuation
in prior art FSO links. Especially inclement weather such as
fog, rain, mist or snow increases the attenuation, causes
disturbances, and thus reduces the reliability of the FSO
link. The prior art FSO links typically utilise one static laser
at a fixed wavelength.

However, prior art also features a publication U.S. Pat.
No. 5,966,229 where preferable wavelengths are deduced
from an atmospheric spectral simulator, which may either
simulate the atmosphere, or take a sample from 10-50 cm
gas sample near the transmitter. The transmission wave-
length 1s then tuned according to the measured spectrum.
There 1s a serious shortcoming with this prior art method, the
atmosphere 1s very inhomogeneous by nature, so no sample
from a local optical path can really be representative of the
spectrum of the path between the transmitter and the
recerver, which 1s hundreds of meters or even kilometres.
This document 1s cited here as reference. A method utilising
the same concept appears also 1n publication WO 02/061959
A2, which 1s also cited here as reference.

A turther problem with prior art FSO systems 1s that due
to the short wavelength of the laser, line of sight 1s required
between the transmitter and the receiver. This problem 1s
especially highlighted 1n architectures where there 1s one
central hub to several recervers. One 1nadequate attempt to
solve this problem has been to arrange the transmitters and
receivers 1n a mesh configuration, so that every receiver
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2

would see at least one other receiver, and thus have at least
one active connection in the mesh. WO 00/25455 of Airfiber

Inc 1s a good exhibit of some recently discovered concepts
in FSO 1n accordance with the prior art, and 1s here cited as
reference.

In cellular communication the line of sight problem 1s also
encountered sometimes at high frequencies, and active
repeater antennas are used to direct the radiation fields to
areas where radio coverage 1s obstructed by an obstruction
such as a building, rock etc. One alternative design for an
active repeater antenna 1s exhibited n WO 01/17059 by
Teligent Inc, which 1s cited here as reference.

The active repeaters have many shortcomings 1f applied to
FSO links. The signal needs to be converted from optical to
clectrical and thus reduces the speed of the network. Prior art
repeaters are also designed for a particular wavelength, 1.¢.
they are dispersive. Power chords are also tedious to install
to a network that has short connections, 1n the order of
hundreds of meters.

The most obvious passive repeater at short wavelengths
would of course be a mirror. However a mirror 1s dithicult to
design, difhicult to focus, and mechanical drift very easily
pushes the mirror from focus to out of focus, thus disrupting
the link.

On the other hand telescopes have been known to transmit
very parallel beams, by the process of beam expansion. For
example, a telescope with an aperture of 1 m has been
known to transmit a laser beam to the moon, with a diameter
of 1 kilometer. (Optics and Photonics, F. Graham-Smith, T.
A. King 2000). Further, U.S. Pat. No. 5,627,669: Optical
transmitter-receiver, features a transmitter receiver where a
beam expander has been integrated to provide a general
small capacity optical communication within a short dis-
tance. Lucent Technologies has demonstrated telescopes in
FSO systems 1n their WWW journal “Bell Labs Trends &
Developments, Jun. 22, 2001.” Telescopes and beam
expanders can be used to minimise divergence, but they do
not reduce the attenuation of the beam.

SUMMARY
The invention under study 1s directed towards a system
and a method for effectively transmitting, repeating, routing
and receiving light and IR/microwave beams between pri-
mary transmitters and receivers even when there 1s bad
weather, no line of sight connection between them or they
are too far apart.

One aspect of the mvention boosts the range of current
optical connections significantly, by reducing attenuation as
well as divergence. In the invention the attenuation spectrum
1s recorded from the optical path between the transmitter and
the recerver, 1.e. the optical path of commumication. When
the communication wavelengths are selected according to
this spectrum that takes into account the heterogenity of the
atmosphere, the mimmum absorption wavelengths are
selected ethiciently.

Another aspect of the invention allows the connections to
circumvent line of sight obstructions efhiciently. The passive
repeater of the invention focuses radiation to a waveguide
that can be kinked to redirect the beam. The beam need not
be amplified, the design can be made non-dispersive to
accommodate a broad band of wavelengths, and the arrange-
ment 1s Tar more resistant to mechanical drift than a mirror.
The active repeater of the invention 1s diflerent and prefer-
able 1n the aspect that 1t 1s also non-dispersive and can
accommodate several wavelengths that are typically
demande by the mvention.
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By mstalling and employing the system and method of the
invention, 1t 1s possible to realise optical and IR connections
between two obstructed locations that could also be very far
apart. The present mvention allows the provision of high
bandwidth communication connections to very complex and
presently technically or economically unreachable locations.
The mventive method to route light or IR-beams to these
destinations 1s both technically easy to implement on site

and affordable.

According to one aspect of the mvention, more reliable
and eflicient optical fixed wireless broadband access 1is
provided to buildings with light beams and devices in
accordance with the ivention.

According to another aspect of the invention, more afford-
able terrestrial wireless long-distance communication con-
nections are realised with light beams and devices 1n accor-
dance with the invention.

“Light”, “optical” and “radiation” here refers to light and
radiation that 1s not limited to the visible or IR band, but
consists of the band from UV to high frequency radio, or
radiation of any Irequency where frequency dependent
attenuation by the transfer medium 1s significant.

In addition and with reference to the aforementioned
advantage accruing embodiments, the best mode of the
imvention 1s considered to be the application to wireless
broadband communication and access.

In the present best mode of the invention, the signals are
processed optically at every opportumity. In the present best
mode of the invention, a portion of the transmitted radiation
from the transmitter to the receiver 1s reflected back with a
retroreflector for optical feedback. The attenuation spectrum
1s deduced from this optical feedback, and the optical
teedback can also be used for alignment.

.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following the mvention will be described 1n greater
detail with reference to exemplary embodiments in accor-
dance with the accompanying drawings, in which

FIG. 1 demonstrates a typical near IR intensity spectrum.

FIG. 1A demonstrates an embodiment of a transmitter 10
in accordance with the ivention.

FIG. 1B demonstrates an embodiment of a receiver 11 in
accordance with the mvention.

FIG. 1C demonstrates an embodiment of the spectral
scanning process 19 1n accordance with the mvention.

FIG. 2 demonstrates an embodiment of the transmission
process 20 1 accordance with the mvention as a flow
diagram.

FIG. 2B demonstrates an embodiment of the reception
process 21 1n accordance with the mvention as a flow
diagram.

FIG. 2C demonstrates an embodiment of the transmission
and spectral scanning process 22 in accordance with the
invention as a tlow diagram.

FIG. 2D demonstrates an embodiment of the reception
and spectral scanning process 23 i1n accordance with the
invention as a flow diagram.

FIG. 3 demonstrates an embodiment of a passive beam
reception and routing device 30 of the mvention.

FIG. 3B shows an exemplary use scenario 31 of a passive
beam reception and routing device 30 of the invention.

FIG. 4 demonstrates an embodiment of a passive beam
transceiver device 40 of the invention.

FIG. 5 demonstrates an embodiment of an active beam
routing device 50 of the invention.
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FIG. 6 demonstrates an embodiment of an active bi-
directional beam routing device 60 in accordance with the
invention.

FIG. 7 demonstrates an embodiment of a beam routing
device for several communication connections 70 1n accor-
dance with the invention.

FIG. 8 demonstrates an embodiment of a retroretlective
beam reception and routing device 80 in accordance with the
invention.

FIG. 9 demonstrates an embodiment of a method for beam
routing 90 1 accordance with the mnvention as a flow
diagram.

FIG. 10 demonstrates an embodiment of a method for
active beam routing and repetition 91 1n accordance with the
invention as a flow diagram.

FIG. 11 demonstrates an embodiment of a method 92 for
focusing a beam on the retroreflective beam routing device
80 1n accordance with the invention as a flow diagram.

FIG. 12 presents a more developed embodiment of the
communication link in accordance with the invention.

Some of the embodiments are described in the dependent
claims.

DETAILED DESCRIPTION OF EMBODIMENTS

FIG. 1 displays a typical near IR intensity spectrum for
atmospheric transmittance due to solar radiation. The mten-
sity 1s shown on the vertical axis as arbitrary units, and the
wavenumber 1s shown on the horizontal axis. As 1s evident,
there are huge variations 1n the intensity detected at various
wavelengths. This 1s primarily because most of the absorp-
tion takes place at wavelengths that are at resonance 1ire-
quencies of molecules 1n the air. Especially water vapour
plays an important role in the radiative processes of the
atmosphere, which 1s reflected 1n the heavy attenuation that
an optical link suflers at times of rain, fog, mist or snow.
Near a resonance the absorption 1s high, and therefore 1t 1s
important to chart those frequencies where resonances do
not occur, and use them for communication.

FIG. 1 shows only a limited band, but 1t 1s known from
literary sources, for example 1from Introduction to
Astronomy, Tahtitieteen perusteet, Ursa, 1995, that the entire
band from wvisible (A=800-1300 nm) to short wavelength
radio (A=10 mm) 1s troubled by turbulent atmospheric
attenuation. It 1s known and recent investigations have
revealed that the attenuation spectrum 1n a given optical path
1s unique and dynamically changing.

The differences in intensity and thus absorption may be
several orders of magnitude, and thus a correct choice of
frequencies may improve the intensity and range of an
optical or near IR communication link significantly, or by
even several orders of magnitude.

FIG. 1A exhibits an optical transmitter arrangement 10 1n
accordance with the invention, mn which the light or IR
radiation 1s generated i the optical transmitter 110. The
light 1s typically laser light, and may be generated by an
LED (Light Emitting Diode), any semiconductor laser, or
any other lasing material, for example by a gas in a lasing
cavity 120. The optical transmitter 110 may be for example
a theodolite- or a helium-neon laser, ruby laser, Nd:Yag
laser, CO,-laser, GaAs laser, AlGaAs laser, any quantum
cascade laser, or any other laser or maser or a conventional
light source 1n accordance with the invention. Typically the
optical transmitter 110 may transmit UV light-, visible or
invisible light, near IR, far IR, or IR-beams at varying
frequencies.
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In some embodiments, the transmitter 10 comprises also
a spectroscope 105. The spectroscope 1s arranged to scan a
broad band of feasible transmission wavelengths and mea-
sure the atmospheric absorption at these wavelengths. The
spectroscope 1s arranged to detect the minmimum absorption
frequencies, as these typically are the best wavelengths for
communication as they attenuate the least. The optical
transmitter 110, the beam expansion systems 130, 140 and
the signal modulator 100 are then arranged to use this
mimmum wavelength as the transmission wavelength.

The spectroscope records spectral absorption in open air.
The spectrometer 105 may use a reference beam, which may
be a conventional light beam also 1n addition to a laser, or
it may use the carrier beam itself to sweep through the band
to obtain spectral data. The detection of the spectrum may be
arranged at the receiver end, or a portion of the incident
radiation 1s reflected back with a retroreflector and the
spectrum 1s deduced from the optical feedback. In some
embodiments one spectroscope may be shared among sev-
cral transmission systems, or several spectrometers may be
used to provide spectral data and measurements to a par-
ticular beam transmission system. The spectrometer 105
may also be realised as a separate device, and the spectral
measurements may be communicated to at least one trans-
mission system through a separate communication connec-
tion. Likewise the transmitter system 10 or the spectrometer
105 may establish a communication connection to the
receiver or vice versa to communicate transmission frequen-
cies used and/or measurement data. This communication
connection may be a radio connection, for example a GSM-,
GPRS-, UMTS-, or any satellite radio connection.

In some embodiments the transmitter uses several wave-
lengths that are chosen on the basis of an algorithm that
mimmises the attenuation and the divergence at these wave-
lengths, based on absorption data and the divergence eflects
at those wavelengths.

For example typically the divergence angle of a Fraun-
hoter difiracted beam for the TEM,, mode with a Gaussian
spatial profile 1s 0=A/ntw,. Thus the divergence angle grows
with wavelength. Then it 1s desirable to choose a short
wavelength, with a small absorption.

Naturally the light source 110 may also be a conventional
non-lasing light transmitter. In one embodiment, a commu-
nication signal 1s modulated into the light signal after 1t has
been generated by the communication signal modulator 100.
The light signal leaves the optical transmitter and 1s focused
to a diverging lens 130, after which the beam or some
portion of 1t 1s diverged onto a converging lens 140 that
collimates the incident rays. The array of lenses 130 and 140
constitutes a beam expander, which 1s designed to expand
the beam width, collimate the rays and reduce angular
divergence. For example, a survey theodolite laser expanded
to a beam waist of 25 mm has practically a parallel beam to
distances of 3 km and beyond. This 1s a suflicient distance
to connect several buildings by an optical communication
connection.

In some embodiments the invention incorporates several
arrays of beam expanding lens systems (130, 140) 1n series.
In some embodiments the transmitted light 1s diffracted by
a slit 160 to produce several identical redundant rays, and 1n
some embodiments the optical transmitter arrangement
comprises several parallel beam expander arrays for the
redundant beams. Redundancy 1s desirable when the
receiver can receive the redundant rays. By redundancy the
signal quality 1s improved.

In some embodiments the transmitter arrangement 10 can
accommodate many wavelengths of transmission signals
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that can be quite diflerent. In order to achieve this the lens
systems are typically eliminated or compensated for disper-
s10n, aberration or other defects associated with operating at
a multitude of wavelengths. The inter-lens distances and the
lens radin and thickness are adjustable 1n some embodi-
ments. Likewise the optical transmitter 110 1s typically
tunable to a range of wavelengths in some embodiments, or
there may be several optical transmitters 110 designed to
operate at various wavelengths or ranges. The transmitter
110 may transmit optical, IR and/or microwave radiation.
The optical transmitter 110 may be arranged as a matrix of
lasers spaced a few nanometers a part. The individual lasers
all scan a band of few nanometers so that the matrix 1s
capable of transmitting on a broad band. Tuning can be
thermal by Peltier elements or the like 1n some embodi-
ments.

FIG. 1B exhibits an optical receiver arrangement 11. The
incident beam 1s compressed by the beam compression lens
array (131, 141). The incident beam 1s first focused by the
converging lens to the diverging lens 131 that collimates the
incident rays. The rays are then focused on the optical
receiver 111. The optical receiver 111 may be any light
detector such as a photodiode, an avalanche photodiode
APD or any CCD (Charge Coupled Detector) Device. The
signal demodulator 101 1s arranged to demodulate the com-
munication signal from the optical receiver signal.

In some embodiments, several optical receiver systems
and optical beam compression systems (131, 141) may be
realised 1n parallel to receive redundant beams, reference
beams or other beams. Likewise 1n some embodiments
several arrays ol beam compression systems (131, 141) may
be arranged serially to provide strong and exact compres-
sion. In some embodiments several optical receiver systems
111 may be realised to detect rays emerging from a particular
beam compression system (131, 141), or vice versa several
beam compression systems (131, 141) may be arranged to
teed signals to a particular optical recerver system (111). The
optical recerver system (111) typically also deduces the
attenuation spectrum of the optical path, in embodiments
where the spectrum 1s deduced at the recetver end. The lens
141 or optical mput aperture typically also comprises a
retroretlector portion, that 1s used to reflect a portion of the
incident light back to the transmitter for the purposes of
deducing the absorption spectrum.

In some embodiments the receiver arrangement 11 can
accommodate many wavelengths of transmission signals
that can be quite different. In order to achieve this the lens
systems are typically eliminated or compensated for disper-
s10n, aberration or other defects associated with operating at
a multitude of wavelengths. The inter-lens distances and the
lens radi1 and thickness are adjustable 1n some embodi-
ments. Likewise the optical recerver 111 1s typically tunable
to a range ol wavelengths 1n some embodiments, or there
may be several optical receivers 111 designed to operate at
various wavelengths or ranges. The transmitter 10 and the
receiver 11 may also employ communication links between
cach other to choose suitable frequencies to which the
beam(s) may be tuned. The recerver 111 may receirve optical,
IR and/or microwave radiation.

In some embodiments the optical transmitter 10 and
recei1ver 11 are realised 1n the same unit to establish an active
optical transceiver unit.

FIG. 1C demonstrates a spectral scanning method 19 1n
accordance with the invention as a flow diagram. In phase
190 light beam 1s generated for spectral measurements. The
spectroscope records spectral absorption 1n open air over the
path of optical communication and uses a reference beam or
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the carrier beam 1itself, depending on the design of the
spectrometer. In phase 191 the spectral absorption of radia-
tion 1s measured, typically across the visible, near-1R, IR or
microwave bands. In some embodiments UV bands may
also be possible. However, the use of UV light may be
restricted 1n some embodiments due to health concerns.

In phase 192 the mimimum absorptions are detected. In
some embodiments, several frequencies with a low absorp-
tion, or a range of wavelengths under a threshold absorption
may be detected. Detection 1s eirther performed at the
receiver from the incident radiation, a white light pulse,
reference beam or the like, or at the transmitter from the
retroreflected radiation. In phase 193 the minimum absorp-
tion frequencies are communicated to the optical transmaitter,
or any computing device arranged in association with the
optical transmitter. In phase 194 the transmission frequency
1s adjusted to absorption mimmum. In some embodiments
the transmission frequencies are adjusted to minimise both
divergence and attenuation.

In some embodiments transmitters 10 and receivers 11 are
arranged to communicate spectral data or frequencies to one
another through radio communication or other communica-
tion in some embodiments. This communication connection
may be a radio connection, for example a GSM-, GPRS-,
UMTS-, or any satellite radio connection.

It 1s clear that several wavelengths can be used 1 a
wavelength division multiplexing fashion, to communicate
redundantly 1n order to reduce the error rate or to provide
several parallel communication channels.

FIG. 2 exhibits a transmission process 20 1n accordance
with the imnvention, 1n which the laser or maser 1s generated
in phase 200. In phase 210 the laser 1s focused on a diverging
lens. In phase 220 the laser beam 1s diverged from the
diverging lens to the focusing lens. The diverged laser beam
1s collimated by the focusing lens 1n phase 230. Phases 220
and 230 are used to expand the beam in order to collimate
the beam and minimise 1ts divergence, and may be repeated
several times 1n order to achieve the desired beam expansion
and parallel propagation distance. In phase 240 a commu-
nication signal 1s modulated to the carrier signal. In some
embodiments the phase 240 may take place later or earlier,
for example before, concurrently or after any of the phases
200, 210, 220, 230, 250. It 1s clear that non-dispersive
optical components need to be used 1n the system so that the
phases 200, 210, 220, 230, 250 may be executed at various
wavelengths with the same equipment.

The communication signal may be for example a OC-3C,
STM-1, OC-12C-, STM 4-, Ethernet-, SONET-, SDH-,
SS7-, GSM-, H323-, HTTP-, UMTS-, WAP-, Teldesic-,
Inmarsat-, Iridium-, GPRS-, CDMA-data, WCDMA -data,
email-LAN-, TCP/IP-, UDP-, POTS-, PDC-, NDC-, imode-,
Globalstar- and/or WLAN-s1gnal 1n accordance with the
invention. The optical link and the communication signal are
typically used to connect buildings to a MAN (Metropolitan
Area Network) or any other backbone network in order to
provide eflicient Internet-, data- and/or telephony services.
In some embodiments 1t 1s used to provide a backhaul
network for example to base stations or radio transceivers of
any radio network, cellular network or television and/or
radio broadcast system.

In phase 250 the expanded laser beam carrying a com-
munication signal 1s directed to a receiver or an optical
transceiver. The receiver or transcerver may be located
anywhere within the line of sight and operation range of the
transmitter. With a strong enough expander, for example a
powerlul telescopic expander transcontinental communica-
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tion links can be provided in order to replace the use of
marine cables, satellites or radio links.

In, before, during or after any of the phases the power of
the laser generated may be controlled to achieve an optimum
communication link. A communication link operating at
optical or IR-wavelengths may carry hundreds or even
thousands of Megabits per second per beam 1n accordance
with the invention. It 1s clear that any of the phases of the
spectral scanning process 19 and transmission process 20
may be interleaved in accordance with the invention, 1.e
several transmission frequencies may be changed dynami-
cally 1n accordance with attenuation spectrum data.

In FIG. 2B a reception process in accordance with the
invention 1s described as a flow diagram. In phase 201 the
laser 1s recerved. In phase 211 the laser beam 1s focused on
a converging lens. In phase 221 the laser beam 1s focused
from the converging lens to a diverging lens. In phase 231
the laser beam 1s collimated by the diverging lens. The
phases 211, 221, 231 may be repeated 1n sequence several
times 1n some preferable embodiments 1n order to compress
the beam more than would be possible by a single lens array.
In phase 241 the beam 1s directed to at least one optical
detector. The optical detector may be any light detector such
as a photodiode, an avalanche photodiode APD or any CCD
(Charge Coupled Detector) device, or any other photode-
tector. In phase 251 a communication signal 1s demodulated
from the optical receiver signal. In some embodiments
several communication signals may be demodulated from
the signal, and the demodulation may take place betore, after
or concurrently with any of the phases 201, 211, 221, 231,
241, 251.

In some embodiments the lens systems, transmitters and
receivers are adaptable for a range of wavelengths 1.e. they
are non-dispersive, as the minimum attenuation wavelength
by the material, 1.e. air 1s probed with a spectrum of
wavelengths 1n order to establish an optimum optical link.

In some embodiments the lens systems 130, 131, 140, 141
may comprise other optical devices such as mirrors or
parabolic and/or concave mirrors along with lenses or with-
out in order to achieve the desired beam focusing, direction,
expansion and compression. It 1s clear that any of the phases
ol the spectral scanning process 19 and reception process 21
may be interleaved 1n accordance with the mvention.

FIG. 2C displays a method 22 for combining the spectral
absorption determination and beam transmission in accor-
dance with the mvention. In phase 202 the spectral absorp-
tion of air 1s measured from the path of optical communi-
cation by a light pulse of several wavelengths, by scanning
the path with a varniable wavelength beam or with the carrier
beam 1tself or a reference beam. Spectral detection may be
at the receiver end or at the transmitter when the spectrum
1s detected from the retroreflected feedback. In phase 212 the
transmission frequencies are typically adjusted to minimise
divergence and attenuation. In phase 222 at least one light
beam 1s generated to enable optical communication. In
phase 232 at least one light beam 1s transmitted to a receiver,
which 1s typically a wireless broadband commumnication
receiver or transceiver.

FIG. 2D displays a method 23 for combining the spectral
absorption determination and beam reception 1n accordance
with the mvention. In phase 203 spectral data 1s obtained or
measured from the path of optical communication by a light
pulse of several wavelengths, by scanning the path with a
variable wavelength beam or with the carrier beam itself or
a reference beam. In phase 213 the reception frequencies are
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adjusted accordingly, typically i order to minimise diver-
gence and attenuation. In phase 223 at least one light beam
1s received.

It 1s clear that both methods 22 and 23 may be ran 1n a
dynamic fashion, 1.e. frequency hopping i1s continuous to
those frequencies that are preferable 1in terms attenuation,
divergence or other factors.

FIG. 3 shows an all-optical passive transceiver 30 in
accordance with the mvention. In some embodiments a light
beam hits the lens 300, from which it enters a reflective cone
310. The lens 300 focuses the beam to the waveguide
interface 320, which may also comprise another lens. The
beam or some portion of it 1s arranged to enter the wave-
guide 330, which may be of varying shapes. The beam exits
the waveguide 330 to the interface 340 and then to the cone
350. The beam 1s then focused by the lens 360 to a further
receiver or a further transcerver. In some embodiments the
transceiver 30 1s bi-directional, beams may be passed from
lens 360 to 300 and vice versa.

The waveguide 330, 331 may be kinked, curved or
straight 1n order to bend and redirect the beam to overcome
line of sight obstacles. The waveguide 330, 331 1s made of
optical fiber, glass fibre or a hollow reflective tube 1n some
embodiments. The wave guide typically has a cladding that
prevents the diffusion of rays from the waveguide except
from the ends by total internal reflection or otherwise. In
some embodiments the waveguide 330, 331 1s made of
Erbium doped, or otherwise doped optical fiber.

The transceiver 30 1s typically all-optical, 1.e. the signal 1s
not modified to an electrical signal at all. This allows
uninterrupted communication at the speed of light. In addi-
tion the transceiver 1s typically also passive, 1.e. 1t does not
require a power source. In order to deploy the transceiver in
accordance with the mvention one simply needs to place 1t
in a position and location from which 1t has a line of sight
connection to at least one transmitter and at least one
receiver or at least one transceiver. As stated earlier, the
optical transmitter 10 1n accordance with the invention may
produce a parallel beam of several kilometres in length. By
employing a group of transcervers 30 1 accordance with the
invention, 1t 1s possible to provision one beam to several
residential buildings 1n a range of few kilometres 1n order to
provide Wireless Broadband Access. It 1s desirable that the
clements of the transceiver are non-dispersive, in order to
accommodate a broad rage of wavelengths. It 1s also clear
that the transceiver 30 may comprise lens systems 300, 360
for collimation, beam expansion and compression and
focusing optics 1 order to direct the beams accurately
between the nodes between which it 1s relaying signals.

FI1G. 3B shows how the passive transceiver can be used to
realise a previously impossible communication connection
between transceivers 1 and 2 that were obstructed by the
building. It 1s clear that with arrays of passive transceivers
in accordance with the invention long beams can be provi-
sioned to different topologies of buildings or landscape.

FIG. 4 shows an alternative arrangement for an all-optical
passive transceiver. In this embodiment incident radiation 1s
focused by a parabolic mirror 411 onto a semisilvered
reflective mirror 401. This mirror 1s then arranged to reflect
the focused radiation to the waveguide interface 421, and the
focused radiation 1s arranged to enter the waveguide 431
from the interface 421. The waveguide 431 1s made of
optical fiber, glass fibre or a hollow reflective tube 1n some
embodiments, and the radiation exits it through interface
441. The interfaces 421, 441 also typically comprise lenses,
and the interface 441 1s typically arranged to focus the
radiation to the permeable portion of the semisilvered mirror
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461, and ultimately a further receiver and/or transceiver. In
some embodiments the transceiver 1s unidirectional, 1n other
embodiments bi-directional as beams may be passed from
mirror 461 to 401 and vice versa. It 1s also desirable that the
clements of the transceiver are non-dispersive, 1n order to
accommodate a broad range of wavelengths.

In some embodiments the passive all-optical transceivers
30 and 40 are applicable for other uses in addition to
relaying short wavelength broadband signals. The transceiv-
ers 30 or 40 may also be implemented 1nside to carry optical
or IR-signals from remote controls or other devices to target
devices, such as TV, dishwasher or radio for example that
are arranged to communicate with the said other devices. In
fact communication wiring can be replaced by the use of
optical beams that are relayed by the said transceivers 30 and
40 1n many scenarios: factories, oflices, residential buildings
etc. In some embodiments the transceivers 30 and 40 also
comprise an array of lenses for beam compression or expan-
sion. In some embodiments diflraction slits may be used to
make redundant copies of the incident beam 1n the trans-
cerver 30, 40 for further transmission. Likewise, the trans-
ceiver 30, 40 may 1n some embodiments receive sets of
redundant beams and focus these beams on the waveguide
330, 431.

FIG. 5§ submits an exemplary unidirectional active optical
transceiver 50 1n accordance with the mvention. The lens
500 1s arranged to focus the incident through the cone or
reflective cone to the waveguide interface 520. After inter-
face 520 the radiation 1s arranged to enter the waveguide
530. The radiation 540 1s received by the photoreceiver 540,
which may be a photodiode, an avalanche photodiode APD
or any CCD (Charge Coupled Detector) device, or any other
photodetector. In some embodiments the receiver 540 1ncor-
porates amplification, for example typically in the case of an
APD. However 1n some embodiments the receiver signal 1s
amplified by the amplifier 550, which 1s typically an opera-
tional amplifier 1n some embodiments. The amplified signal
1s fed 1nto the phototransmitter 560. The phototransmitter 1s
typically an 1dentical transmitter to the transmitter that
transmitted the incident radiation on the transceiver 50.
However 1n some embodiments the phototransmitter 1s a
theodolite- or a helium-neon laser, ruby laser, Nd:Yag laser,
CO,-laser, GaAs laser, AlGaAs laser, any quantum cascade
laser, or any other laser in accordance with the mvention.
The transmitting end 1s arranged to direct the lens so that 1t
directs and refocuses the amplified radiation to a further
receiver or a further transceiver.

In several embodiments redundancy of the beam 1s a
desirable feature for the transcerver. The transceiver 30 may
be equipped with diflraction slits 5935, 596 1n order to difiract
copies of the original beam before, during or after the
detection-amplification-transmission process. In some
embodiments the waveguide portions 530, 565 may be
variable 1n length and also kinked, curved or of various
shapes 1 order to direct the relayed beams in the desired
direction and fashion.

FIG. 6 submits an exemplary embodiment of a bi-direc-
tional active optical transceirver. The difference to trans-
ceiver 30 1s that the waveguides 621, 682 are interfaced with
beam splitters 622, 681 for the beams traversing in two
directions. The beam splitters are designed to direct the
incoming unamplified beams to the receiver portions 640,
670. Respectively the outgoing amplified radiation transmit-
ted by the transmitters 680, 630 1s allowed to enter the
waveguides 682, 621 so that the said beams are directed and
focused to further receivers and/or transceivers. The detec-
tors, amplifiers, and transmitters may be realised 1n some
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embodiments along the same lines as in association with
transceiver 50. It 1s clear that typically the transceivers 50
and 60 are adaptable to a wide range of optical and near IR
wavelengths. Inter-lens distances, lens thicknesses and radia,
different bias voltages, different circuits, amplification and
any prior art devices for changing from one frequency to
another may be used in accordance with the imvention.

FIG. 7 exhibits an arrangement 70 comprising a plurality
of the receiwvers and transmitters. In some embodiments
several passive or active unidirectional or bi-directional
transceivers may be integrated to a single unit, so that beams
may be provisioned and relayed from one node to several
receiving nodes. In some embodiments the arrangement 70
may operate as a switch. For example the lens-cone systems
710 and 730 could be connected by a waveguide in one
particular configuration, but in another configuration the
same waveguide could be between 730 and 760. The wave-
guided connections could be mampulated for example by
rotating or moving mirrors 770, 771 iside the box 700. In
some embodiments the multiwaveguide cavity 700 may
teature diffraction slits for realising redundant rays or ampli-
fiers for amplitying signals. In some embodiments beam
compression and or beam expansion may be used to manipu-
late the beams within the multiwaveguide cavity 700, the
transmitter cones and/or receiver cones 710, 720, 730, 740,
750, 760.

FIG. 8 submits an exemplary arrangement of a passive
retroreflective transceiver 80. The transceiver 80 differs
from the transceiver 30 1n the aspect that 1t incorporates at
least a portion of a retroreflective concave mirror 880, 890
assoclated with at least one lens 800, 860. The concave
mirrors 880, 890 are designed to reflect a portion of the
incident beam back to the original transmitter direction for
teedback purposes. It 1s also possible that a retroreflective
transceiver 1 accordance with the mmvention incorporates
unidirectional or bi-directional amplification as outlined
carlier or otherwise.

FIG. 9 exhibits a passive beam relay process 90 in
accordance with the mnvention. In phase 900 a beam 1s
transmitted. In phase 910 the beam reaches a focusing
means, for example a lens, lens system, mirror, mirror
system, or a lens-mirror system. In phase 920 the beam 1s
focused to a waveguide interface. During, before or after the
phases 910, 920 the beam may be compressed in some
embodiments. In phase 930 the beam enters the waveguide,
which 1s typically made of optical fiber, doped fibre,
Erbium-doped optical fibre, glass fibre or a hollow reflective
tube, or any totally internally reflective waveguide in some
embodiments. In phase 940 the beam emerges from the other
end of the waveguide, and enters another focusing device 1n
phase 950. In phase 960 the ray i1s focused to a receiver or
a transceiver, which typically have focusing means as their
peripheral interface to the wireless radiation as well. During,
before or after the phases 940, 950, 960 the beam may be
expanded 1n some embodiments.

FIG. 10 exhibits an active beam relay process 91 in
accordance with the invention. In phase 1000 a beam 1s
transmitted. In phase 1010 the beam reaches a focusing
means, for example a lens, lens system, mirror, mirror
system, or a lens-mirror system. In phase 1020 the beam 1s
focused to a waveguide interface. During, before or after the
phases 1010, 1020 the beam may be compressed in some
embodiments. In phase 1030 the beam enters the waveguide,
and the waveguide channels the beam to a detector, which 1s
typically an APD or any other photoreceiver. In some
embodiments, the intensity, amplitude, irradiance, frequency
or any other attribute of the beam and incoming radiation are
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measured during phase 1040. In some embodiments,
unwanted signals are filtered with a bandpass filter, or a
phase lock filter (based on 1nversion and 1ntegration 1n some
embodiments) 1n phase 1040. A further amplified beam 1s
transmitted to a waveguide, or several waveguides in phase
1060. In some embodiments redundant beams are chan-
nelled to several waveguides by diflracting the amplified
primary beam 1n a slit and collecting the resulting maxima’s
to the separate waveguides 1n phase 1050. In phase 1060 the
beam enters from the other end of the waveguide, and enters
a focusing means, which may comprise beam expansion
devices 1n some embodiments 1n phase 1070. In phase 1080
the ray 1s focused to a receiver or a transceiver, which
typically have focusing means as their peripheral interface to
the wireless radiation as well.

During, before or after any of the phases of methods 90
and 91 the transceiver executing the process may be tuned
to the frequency of the beam or all or some parts of the
transceiver may be tuned to avoid dispersion, with regard to
wavelengths obtained by spectral analysis of the optical path
ol communication.

FIG. 11 submits an optical method for aligning the
transmitted beam to an optimum position with retroretlective
receivers. In phase 1100 at least one beam 1s transmitted. In
phase 1110 returning rays that are reflected from the ret-
roreflector of the receiver 92 are detected. In phase 1120 the
transmitted beam 1s shifted and refocused, and 1n phase 1130
the returning beam intensity 1s detected as feedback. If the
teedback beam intensity has increased, the transmitted beam
1s probably better focused on the receiver, as the concave
retroreflector 1s designed to reflect the maximum feedback
intensity when 1t 1s perfectly centered with a beam width the
s1ze of the diameter of the receiving retroreflective array. If
teedback intensity 1s increased in phase 1140, the transmuitter
1s shifted further in phase 1150. If not, phase 1130 1s entered.
By feedback intensity measurements the transmitter beam
can be perfectly focused on an all optical retroreflective
receiver or transceiver 1 phase 1160. Optical or radiative
acquiring of a recerver has many advantages, one of which
1s that the retroreflective device may be electrically passive,
1.€. 1t requires no electrical power to communicate 1ts status.

FIG. 12 shows also a preferable arrangement 1200 of the
laser link 1n accordance with the mvention. 1210 depicts a
cable network or WLAN Wireless Local area network, or
any other conventional communication network. The
SONET transceiver 1220 may also be a SDH transceiver or
the like 1n accordance with the invention. The transceiver
1220 drives the laser chip unit to produce an amplitude
modulated communication signal according to the SONET,
SDH or like standard.

Typically the bandwidths provided by such transceivers
are several gigabits per second. In addition to e.g. SONET
modulation, the laser power and the choice of which laser to
use on the chip unit are controlled by the associated cir-
cuitry. In order to make these decisions, information from
retroreflection detectors, which detect retroreflected radia-
tion from the receiver 1s preferably used.

The laser chip unit 1230 comprises for example 50-1350
semiconductor lasers doped on a chip. In some embodi-
ments, each laser transmits a certain wavelength, spaced eg.
1-2 nm apart. The laser chip unit i1s preferably moderate 1n
s1ze, for example area per laser could for example be 0.5
mm™*0.5 mm=0.025 mm. This would render chip size to be
of the order of some square centimetres.

The diffractive optics elements 1240 may comprise eg. a
slit. The telescopic beam expander and lens unit 1250 1s
typically arranged to expand and collimate the beam to
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approx. 2.5 cm diameter, which renders a controllable
divergence 1 a range of few kilometres according to the
(Gaussian approximation. The telescopic beam expander and
lens unit 1250 1s preferably non-dispersive, so that at least
dynamical adjustments 1n optics for the majority of different
lasers used are unnecessary.

The retroreflection detectors 1260 detect the optical feed-
back from the receiver’s retroretlector. These comprise
typically also an APD array that measures the intensity and
the wavelength of the radiation returning radiation. The
retroreflection detectors 1260 are connected to the transmis-
sion control of the transmitter. The retroretlector 1270 may
be a parabolic mirror that retlects a portion of the incident
radiation field back to the source 1n some embodiments. The
beam receiver 1280 1s preferably a lens compression system
that receives the expanded beam, and compresses 1t to the
APD. The APD 1290 takes the mncoming photons, converts
them to current and feeds the current signal to the SONET
device. APD may also be connected to a current-voltage
converter, that will feed the voltage signal to the SONET
device 1300 11 this 1s required. The SONET, SDH or the like
receiver 1300 takes the signal and demodulates it and relays
the signal forward 1n the receiving cable or Wireless LAN or
other network 1310.

Signal tflow through the atorementioned parts of embodi-
ment 1200 1n accordance with the invention comprises a
sequence of steps, some of which may include;

Feeding a signal to the cable network at point 1210, for
instance with a signal generator. Generated pulse train enters
SONET transceiver at 1220 and 1s modulated according to
the SONET standard, or other standard if the transceiver 1s
of a different type. A current or a voltage signal proceeds.
Current or voltage drives the semiconductor lasers on the
chip and laser/maser light 1s emitted at point 1230. All of the
lasers may be on at once, only some of them, or just the most
penetrating or the penetrating few lasers are selected. The
lasers on the chip are used to measure the spectral attenu-
ation, by scanning their respective bands or otherwise along
the optical path of communication, 1n some embodiments. In
other embodiments, a separate reference beam, or a white
light pulse may be used as the light source for composing the
spectrum.

At pomt 1240 the light generated from the lasers 1s
diffracted to form several redundant beams. Redundancy
may also be achieved across wavelengths in some desirable
embodiments. At pomnt 1250 the laser/maser beams are
expanded with the telescopic beam expander in order to
reduce divergence. The beam 1s emitted to the receiver. At
point 1260 a portion of the transmitted beam 1s reflected
back by the retroretlector. At point 1270 laser/maser trans-
mission 1s controlled according to retroretlection detector
readings. The beam 1s optimised with regard to this spec-
trum.

At pomt 1280 the received beam 1s compressed and
focused to the APD. At point 1290 APD converts the optical
signal to an electrical one. At point 1300 the electrical signal
1s received from the APD by the SONET recetver. SONET
transceiver converts the information signal to a favourable
interface desired by the cable network, WLAN, or backhaul
network. If the communication 1s to be continued in SONET,
interface adaption 1s restricted to a bare minimum 1n some
preferable embodiments. At point 1310 signal enters the
terminal network.

In some embodiments retroreflectors may be used with
any of the devices 10, 11, 30, 40, 50, 60, 70. Any transmutter,
receiver or transceiver may comprise filtering devices for
example, band pass filters or phase locked filters.
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In some embodiments this position scan and the spectral
scan are done before or after one another, concurrently or
periodically. In some very special embodiments the trans-
mission medium maybe something else apart from air, for
example water for submarine communication links.

The scanned band or the range of frequencies used for
communication maybe anywhere where frequency depen-
dent attenuation, diffraction and/or refraction by the transfer
medium 1s significant. For the atmosphere this band 1s from
visible (A=800-1300 nm) to short wavelength radio (A=10
cm-1 m).

The 1invention has been explained above with reference to
the aforementioned embodiments and several commercial
and industrial advantages have been demonstrated. The
methods and arrangements of the invention allow the pro-
visioning of collimated beams to superiorly longer distances
reliably at wavelengths where signal attenuation and beam
divergence 1s small, even at inclement weather such as fog,
rain, snow or the like.

The mmvention makes 1t possible to relay and redirect
beams between two line-of-sight obstructed points with an
inventive transcerver. The long range of the parallel coherent
light beams at penetrating frequencies 1n accordance with
the invention and the all-optical or semi-optical transceiving,
solutions allow the affordable provisioning of high band-
width optical communication connections to devices and
buildings that were previously eitther very expensively con-
nected to the fiber optic backbone networks, expensive low
bandwidth radio or microwave networks, or unreachable by
traditional free space optics solutions.

The 1invention has been explained above with reference to
the atorementioned embodiments. However, 1t 1s clear that
the invention 1s not only restricted to these embodiments, but
comprises all possible embodiments within the spirit and
scope of the mventive thought and the following patent
claims.
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The mvention claimed 1s:
1. A wireless beam transmission system for the commu-
nication of imnformation, comprising:

at least two transmitters of different types and having all
or some parts of the communication system arranged to
accommodate at least two wavelengths, characterised
in that,

at least one transmitter 1s a semiconductor laser and at
least one transmitter 1s a quantum cascade laser or a
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maser, and the lasers of different types emit simulta-
neously, wherein the wavelengths of both lasers of
different types are arranged to be chosen based on
spectral absorption measurements of the atmosphere in
the optical carrier beam path of communication
between said transmitter and said recerver.

2. The wireless beam communication system according to
claim 1 further comprising:

at least one commumnication signal modulator; and

"y

at least one spectrometer, wherein the at least one spec-
trometer 1s arranged to measure an atmospheric spectral
absorption of radiation.

3. The wireless beam communication system according to
claim 1, further comprising:
at least one commumnication signal modulator; and

at least one spectrometer wherein the at least one com-
munication signal modulator 1s arranged to modulate a
signal 1nto at least one carrier beam for the transfer of
information in the carrier beam.

4. The wireless beam communication system according to
claim 1 further comprising:

at least one beam expander; and
at least one spectrometer wherein

at least one light beam and/or a light beam with informa-
tion modulated to 1t 1s passed through a beam expander,
and
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at least one expanded light beam and/or a light beam with
information modulated to the light beam 1s arranged to
be focused to a wireless broadband access receiver or
transceiver.

5. The wireless beam communication system according to
claim 1, wherein an absorption spectrum of radiation and
wavelength are used to optimize the attenuation and a
divergence of at least one said radiation beam.

6. The wireless beam communication system according to
claim 1, wherein at least one reference beam or at least one
carrier beam 1s arranged to be used to scan the spectrum for
spectral absorption within the optical path of communica-
tion.

7. A wireless communication system, mnformation com-
prising;:

at least two transmitters of diflerent types; and

at least one optical detector and having all or some parts

of the reception system arranged to accommodate at
least two wavelength, characterised 1n that,

the reception wavelengths of the at least one optical

detector are applicable to wavelengths transmitted from
a semiconductor laser and a quantum cascade laser or
a maser simultaneously, wherein reception wave-
lengths of both lasers of diflerent types are chosen
based on spectral absorption measurements of the
atmosphere within the optical path of communication
between said transmitter and said receiver.
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